The powder mixtures in the AlN_Al2O3 system were hot-pressed under 200kg/cm2 at 16002100
Introduction
Aluminium nitride has been expected as re fractory and thermal conductive insulator , and also as a raw material for composite materials accompanied with carbides , oxides etc.
A synthesis of pure AlN having lower oxy g en content is difficult, and the AlN powder can not sinter without any additive1 Each sample was mixed uniformly in an alumina ball mill under ligroin. Assuming the oxygen in the raw materials were being as alumina, the amount of nitrogen and mol% AlN were shown in Table 1. 2.2 Hot-pressing 950mg of the mixed powders were hot pressed under pressure of 200kg/cm2 in a BN coated graphite die which has inner diameter of 10mm, and heated in a high frequency induction furnace in nitrogen at a rate of 33/min up to a scheduled temperature of 16002100
for one hour. The temperature and densification were measured by two colour thermometer and by a LVDT. After cooling (approximately 150/min), the density was measured by the displacement method in etha nol and crystal phases were examined by X ray diffraction. Rate of densification was cal culated from the shrinkage and the final den sity.
Result

3.1
Densification Some of the densification curves are shown in Fig. 1 . The bulk densities of specimens after hot-pressed for one hour are shown in 
Discussion
Densification
Densification behavior in the hot-pressing of powder compacts containing more than 45mol % Al2O3 was almost same as that in 100% alumina. The shrinkage of the sample was observed to begin at 1150 and maximum shrinkage rate was obtained at the range of 14001600.
After heating for one hour at 16301730 under these experimental condi tion, porosity decreased to less than 2%.
In the composition range of 3510mol% Al2O3, the densification rate became remark ably slower compared with the rise of tem perature at 17301780.
In this temperature range, the raw materials converted to oxy nitride of spinel type, but the effect on the densification is not clear. The compacts con taining less than 10mol% Al2O3 required to heat higher than 2100 to be sintered. The compact having less than 1mol
Al2O3, could not densify almost in this hotpressing condi tions.
Crystal phases
In the hotpressed specimens in the system, an oxynitride having spinel type structure, five X-phases and Y-phase were observed as shown in Fig. 3 .
A general formula of the oxynitride having spinel-like structure (will be abbreviated as spinel) is described as follows4), Al(+x)/3(1-x)/3O4-xNx where is cation vacancy, x takes the value between 0.22 and 0.57 which corresponds from 16 to 33mol% AlN; the lattice para meter a is 7.927 and 7.950, respectively. In this work, the formation of spinel was observed at temperature higher than 1700 in every composition in the AlN-Al2O3 system. Its lattice parameter increased from 7.923 to 7.950 with increasing of AlN content from 9.8 to 28.6mol%.
When AlN content incre ased from 30 to 95mol%, the lattice para meter varied only from 7.950 to 7.955. This agrees with the result reported by Lejus7). The effect of sintering temperature on the lattice parameter was negligible. In the case when AlN content was more than 33mol%, 6 [3] 1978 T. SAKAI 40 the spinel in the hot-pressed specimens for the duration of 10 minutes had the parameter about 7.92, but the specimens for that of one hour at the same temperature increased to about 7.95.
According to Collongues et al.4) , spinel could have the minimum of nitro gen which is equivalent to 16mol% AlN. The juvenile spinel is deficient in nitrogen and has much vacancies, and a rate of AlN diffus ing into spinel structure is likely depend on the duration of hot-pressing.
The specimens which had 3050mol%
AlN and hot-pressed at 19002000 had density of 3.583.63 g/cm3 were consisted mainly with the spinel. Assuming the AlN2Al2O3 spinel has a= 7.950, the density is calculated to be 3.70 g/cm3, and also AlNAl2O3 spinel is to be 3.78 g/cm3. By the SEM observation it was cons idered that they have been densified down to less than 2% porosity. The most dense spinel in this experiments is inferred to have compo sition near the ratio AlN:Al2O3=1:2 from its lattice parameter and density.
New phases which were described as X1, X2, X3, X4 and X5 phases in Fig. 3 were observed in the specimens hot-pressed higher than 1900 in the composition range of AlN higher than 50mol%.
X2 and X4, which would be described later, might be the oxy nitride X or a new phase reported by Col longues et al.4) and Adams et al.3) and were supposed as AlN polytype 21R, composition of which was assumed as Al7O3N5 by Jack6) The present author considers that the phase described by Collongues et al.4) is to be con sisted with two phases which contain different amount of oxygen. The X-ray diffraction data and the lattice spacings of X4, which are calcu lated with assuming that the crystal construct ed as AlN pseudo-polytype 21R by Ramsdell's notation, are shown in Table 2 ; both values, observed and calculated, agree very well. The density of Al7O3N5 calculated from lattice parameter is 3.31g/cm3. Similarly, X2 is iden tified as 27R pseudo-polytype of AlN. Fig. 4 shows the fracto graphs of sample N-P and 95-5, indicated in Table 1 , hot-pressed at 2000 for 10 minutes. The former is AlN and the latter is AlN with 27R pseudo-polytype that has been grown in plate like microstructure. Table 3 .
The calculated unit-cell dimensions of these pseudo-polytypes corresponding to the hexago nal cell are shown in Table 4 . If these pseudo-polytypes were decided by ratio of metal/ non-metal components as Jack's contention, the ratio AlN/Al2O3 could be calculated con sidering the electrical charge neutrality. The calculated compositions of each pseudo-polytype is shown on the temperature map on which they were appeared (Fig. 5 ). There are little composition disagreement between Fig. 3 and It is not phase transition, but diffusion process of oxygen in spinel into the wurtzite structure.
The phase conversion from the crystal phase which has less oxygen content into the phase with more oxygen is observed, for instances, from 27R into 21R and from 21R+spinel into 12H+spinel.
In the case of powder mixture containing more than 70mol% Al2O3, a new phase, tentatively named Y-phase, was observed when the mixture was hot-pressed at above 1925.
It was reported that in this composition and temperature range -phase was obtained2)4).
In the present work, however, the Y-phase was not obtained in single phase and not identified. 
Conclusion
